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Outline

« Research focus: LAr'TPC data reconstruction

» Demonstration of techniques

 Software tools

« Organization: where we are, where we are going




Big Picture Goal

My interest: LArTPC data reconstruction using
Deep Neural Network (DNN)

e Use DNN as a feature extractor
- Instead of DNN telling me “CCQE event”, I want it

to tell me “1e1p topology”, “vertex @ (x,y,z)”, “
clusters of charge deposition” for “1e” and “

e« DNN-based data reconstructlon cham
Develop a network for an individual r ucti




Big Picture Goal
Example: LArTPC Data Reconstruction Chain

Aleena R. @ KSU
(DPF Proceeding)
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https://arxiv.org/abs/1709.00146

Big Picture Goal
Example: LArTPC Data Reconstruction Chain
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Big Picture Goal
Example: LArTPC Data Reconstruction Chain

Aleena R. @ KSU
(DPF Proceeding)
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https://arxiv.org/abs/1709.00146

Deep Neural Network
Technique Demos

Outline
* Research focus: LAITPC data reconstruction




Technique Demonstrations in LArTPC

2D Image Classification ... JINST 12, Po3011 (2017)

L | ’ Neutrino ID Network

@ Neutrino

[ Cosmic

MicroBooNE

=4 \ : | ) 0. Simulation + Data Overlay
o ' - S
. |
. | | | - :
> " MicroBooNE 0, 0.6 0.8
152.3 cm Simulation + Data Overlay Neutrino Classification Score

2D Object Detection ... JINST 12, Po3011 (2017)

vu v 1 > Nu: 0.926

Nu: 0.926

MicroBooNE
Simulation + Data Overlay

Yellow: “correct” bounding box

Red: by the network

Network Output
= 2.6m (width) x 1 m (height)



http://iopscience.iop.org/article/10.1088/1748-0221/12/03/P03011/meta;jsessionid=1238492A9F6846527EFC3137FF9741FD.c4.iopscience.cld.iop.org
http://iopscience.iop.org/article/10.1088/1748-0221/12/03/P03011/meta;jsessionid=1238492A9F6846527EFC3137FF9741FD.c4.iopscience.cld.iop.org

Technique Demonstrations in LArTPC

Multi-Particle ID as final state classifier
- Predicts particle type & multiplicity (in progress)

p+Hu




Technique Demonstrations in LArTPC
2D Semantic Segmentation

Track
Shower /—/_

-'f

¥ i/

. MicroBooNE MicroBooNE
Simulation - T Simulation

- — T -
[29] 2 (
./ .
. AN e
/ AN - |

u 0S8
u 08

w“r
-
_

o
\\\ //

. cosmic \

//’

,\\ . |
. 5 T cosmic P - v ‘ : /
- ’ .
pBooN Vi - uBoo
BNB Data : Run 5419 Event 6573 March 14th, 2016 BNB Data : Run 5419 Event 6573 March 14th, 2016




Technique Demonstrations in LArTPC

Quantitative Validation w/ Real Data

MicroBooNE Data
Preliminary
In-Progress
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Technique Demonstrations in LArTPC

Quantitative Validation w/ Real Data

Sl MicroBooNE Data . 28 MicroBooNE Data MicroBooNE Data
Preliminary P Preliminary Preliminary
In-Progress 2600 In-Progress In-Progress

5600

5400 5400

(9} . Q
E5200 | ;o E5200
- .- =

5000 ol e e 5000

4800 \ R N 4800

900 1000 1000 1100 1200 1000 1100 1200
Wire Wire Wire

ey MicroBooNE Data L)) MicroBooNE Data o | el MicroBooNE Data
Preliminary Preliminary | ‘ | Preliminary
In-Progress In-Progress . In-Progress

2750 2800 2850 2900 2950 3000 3050 2750 2800 2850 2900 2950 3000 3050 2750 2800 2850 2900 2950 3000 3050
Wire Wire Wire

Input Image Human Label SSNet Label




Technique Demonstrations in LArTPC
3D “Image Classification” ... demo-ed in UB/SBND
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Technique Demonstrations in LArTPC

2D /3D Vertex Finder + Particle Clustering
(via Instance-Aware Semantic Segmentation)

Credit:
my daughter




Software Tools
for

DNN Development

Outline

» Research focus: LArTPC data reconstruction

« Demonstration of techniques

» Software tools

» Organization: where we are, where we are going



Our Software Tools

DeeplearnPhysics

Deep Neural Network Tools for Physics Analysis

E] Repositories & People 4 Teams 6 Projects o Settings

Type: All ~ Language: All ~ Customize pinned repositories

larcv2 Top languages

@®C++ W1 Updated aday ago ® Python @ C++

@ Jupyter Notebook

larcv-viewer
People

o
. g

@ Python  Updated 2 days ago Invite someone

@ Python  Updated a day ago

u-resnet

Supera

@® C++ Updated 5 days ago

larcv-tutorial

Tutorial of LArCV data products and interface with tensorflow.

@ Jupyter Notebook W 1 Updated 11 days ago

faster-rcnn

@ Python * 1 Updated 18 days ago



https://github.com/DeepLearnPhysics

Our Software Tools

DeeplearnPhysics

Deep Neural Network Tools for Physics Analysis

L] Repositories & People 4 Teams 6 Projects o Settings

Type: All ~ Language: All ~ Customize pinned repositories New

larcv2 Top languages

C++ W1 Updated aday ago @ Python @ C++

@ Jupyter Notebook

larcv-viewer “main” software

@ Python  Updated a day ago

u-resnet

@ Python  Updated 2 days ago

Supera

@® C++ Updated 5 days ago

larcv-tutorial

Tutorial of LArCV data products and interface with tensorflow.

@ Jupyter Notebook * 1 Updated 11 days ago

faster-rcnn

o Python * 1 Updated 18 days ago



https://github.com/DeepLearnPhysics
http://github.com/LArbys/LArCV

LArCV: Extensive Python Intertace

larcv larcv

image2d = larcv.imread/( )

Visualization w/
LArCV RGB viewer

# Note here that std::vectors in pyroot are iterable
# larcv has a helper function to convert std::vector to numpy array, so we can use that:

_image array = larcv.as_ndarray(image)

#Show the image with imshow:
fig = plt.figure(figsize=(16,16))
plt.imshow(_ image array.T, interpolation='none')

. 5?,'" | More examples covered
o in Jupyter notebooks for tutorial
= github.com/DeepLearnPhysics/larcv-tutorial



https://github.com/DeepLearnPhysics/larcv-tutorial/tree/master/notebooks

Our Software Tools

DeeplearnPhysics

Deep Neural Network Tools for Physics Analysis

L] Repositories & People 4 Teams 6 Projects o Settings

—
Type: All ~ Language: All ~ Customize pinned repositories

larcv2 Top languages

@®C++ W1 Updated aday ago ® Python @ C++

@ Jupyter Notebook

larcv-viewer
People

-
u-resnet 2D/3D Data Visualization Tool

@ Python  Updated 2 days ago

@ Python Updated a day ago

Supera

@® C++ Updated 5 days ago

larcv-tutorial

Tutorial of LArCV data products and interface with tensorflow.

@ Jupyter Notebook * 1 Updated 11 days ago

faster-rcnn

@ Python * 1 Updated 18 days ago



https://github.com/DeepLearnPhysics

Visualization Tools N

==="""--—_.h_._h.“___._\__ Initial piOH pixels i oo
\ : (highlighted by viewer) iy
--?G Key points (creation/decay)
- * "’Hu..._____h (highlighted by viewer)
—l-,_._h-_
.

2D & 3D with an \
interpretation of clusters =

(demo on youtube for 2D and 3D) .



https://www.youtube.com/watch?v=mneneJweRVI
https://www.youtube.com/watch?v=q7sBeE6W3rs

Our Software Tools

DeeplearnPhysics

Deep Neural Network Tools for Physics Analysis

L] Repositories & People 4 Teams 6 Projects o Settings

Type: All ~ Language: All ~ Customize pinned repositories New

larcv2 LArSoft => LArCV Translation Tool

@®C++ %1 Updated adayago

larcv-viewer

@ Python  Updated a day ago

u-resnet

@ Python  Updated 2 days ago

Supera

C++ Updated 5 days ago

larcv-tutorial

Tutorial of LArCV data products and interface with tensorflow.

@ Jupyter Notebook * 1 Updated 11 days ago

faster-rcnn

o Python * 1 Updated 18 days ago



https://github.com/DeepLearnPhysics

Our Software Tools

DeeplearnPhysics

Deep Neural Network Tools for Physics Analysis

L] Repositories & People 4 Teams 6 Projects o Settings

—
Type: All ~ Language: All ~ Customize pinned repositories

larcv2 Top languages

@®C++ W1 Updated aday ago ® Python @ C++

@ Jupyter Notebook

larcv-viewer
People

il bl
Tutorial Tools

@ Python  Updated a day ago

u-resnet

@ Python  Updated 2 days ago

Supera

@® C++ Updated 5 days ago

larcv-tutorial

Tutorial of LArCV data products and interface with tensorflow.

Jupyter Notebook * 1 Updated 11 days ago

faster-rcnn

@ Python * 1 Updated 18 days ago



https://github.com/DeepLearnPhysics

Our Software Tools

DeeplearnPhysics

Deep Neural Network Tools for Physics Analysis

L] Repositories & People 4 Teams 6 Projects o Settings

Type: All ~ Language: All ~ Customize pinned repositories New

larcv2 Top languages

@®C++ W1 Updated aday ago @ Python @ C++

@ Jupyter Notebook

larcv-viewer
People

ﬁu

@ Python Updated 2 days ago Invite someone

@ Python  Updated a day ago

u-resnet

Network Developments

Supera

@® C++ Updated 5 days ago

larcv-tutorial
Tutorial of LArCV data products and

@ Jupyter Notebook W1  Updated 1

faster-rcnn

@ Python % 1 Updated 18 days ago



https://github.com/DeepLearnPhysics

Our Workflow for DNN Research

vanilla
Sim. & Reco. LLArCV Data Maker (catfe/TF/mxnet/pytorch)

rSoft ame gl Supera e d DNN Software

LAI‘SOft / LATCV / TMulti—threaded

ROOT file ROOT flle data loader

Image/Volumetric

LArCV Viewer Event Data Processing
(visualization + annotation) (LArCV)

How we interface DNN softwares

» caffe: root_data_layer (C++/CUDA) handles CPU/GPU
memory buffer copies via LArCV multi-threaded reader

« Tensorflow/PyTorch: dataloader LArCV python module
handles LArCV multi-threaded reader, makes numpy array



Creating LArCV Data Representations
LArSoft

EventGenerator s
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Creating LArCV Data Representations
LArSoft Experiment Code

LArSoftSupera
EventGenerator e
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Wire Image




Hit Image




SimChannel




SimChannel + Wire Overlay (cross-check)




Particle-wise instance labeling




Key point labeling
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Human-annotation via active LArCV viewer

1 MicroBooNE Data
Preliminary
In-Progress

MicroBooNE Data
Preliminary
In-Progress

MicroBooNE Data
Preliminary
In-Progress

MicroBooNE Data
Preliminary
In-Progress *

MicroBooNE Data
Preliminary
In-Progress

MicroBooNE Data
Preliminary
In-Progress
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“The empire needs you!”




Current Development Focus

e Multi-Particle ID
- Model independent final state classifier, wanted by UB

e 3D “smoothing” network
- Input: WireCell, Cluster3D, pixel LArTPC
- Output: ghost removed, better predicted 3D points

» 3D object detection network
- Extend Faster R-CNN to 3D, base of instance segmentation

- 2D /3D instance-aware semantic segmentation
- particle clustering + PID
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Google Group: DeepLearnPhysics

» Cross-experiment discussion/development
- Interests in SBND, ICARUS, MicroBooNE, DUNE ND,
ArgonCUBE, NEXT...

» (Semi-) Weekly meeting for discussion

e Organized tutorial on TensorFlow/LArCV/Network-
training in general using public (toy) LArTPC data

m C Mark all as read Actions ~

DeepLearnPhysics Shared privately
8 of 8 topics (3 unread)

What?

This group is made by experimental physicists to share knowledge/experience beyond the boundaries of existing experiment collaborations.

Who?

The group originated from Liquid Argon Time Projection Chambers (LArTPC) experiments, in particular MicroBooNE (UB) and SBND, but non-LArTPC experimentalists, or non-physicists are certain
welcome to join.

How?
We plan to have a weekly meeting on Wednesday 10AM. We share knowledge, experiences and softwares.
Welcome to the group!

Edit welcome message Clear welcome message

: (Bi-)Weekly Meetings (2)
By me - 2 posts - 23 views

: Getting started: | igh-level refe
By me - 2 posts - 25 views ¥



https://groups.google.com/forum/#!forum/deeplearnphysics

For Awesome You Wanting to Help

Software development

« Singularity container

- Can start from old LArCV version, extend to the current one
- Would be great if QT installation can be included

3D Faster R-CNN

- 2D version w/ TF available w/ training data
- Will then extend toward Mask R-CNN
... currently most badly

e 3D smoothing network wanted/interested in ...
- Can get you high stat data if interested in

» 3D data annotation via GUI
- Extend 2D annotation concept to 3D viewer

« Decoupling ROOT

- Abstract FilelO layer to support different file format
- Boost (or any other) Python interface (not PyROOT)
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[LArTPC Data Reconstruction Path

ot

/< < Professor_looking into this.

He’s genius. Not my plan.
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